Introduction
============

Aldosterone is the primary endogenous agonist ligand for the mineralocorticoid receptors. It induces active reabsorption of sodium and consequent passive reabsorption of water by kidneys; it also plays a role in active potassium secretion in the cortical collecting tubule and in secretion of active protons in the luminal membrane of the intercalated cells of the collecting tubule. For these reasons, aldosterone leads to an increased blood pressure (BP) and blood volume.[@b1-dddt-12-2611] Based on this, it appears clear that mineralocorticoid receptor antagonists can play an important role in BP control. Actually, two generations of mineralocorticoid receptor antagonists have been marketed: spironolactone and canrenone belong to the first generation, while eplerenone belongs to the second generation. Compared to the first-generation agents, eplerenone is more selective, but less effective, with no active metabolites and a shorter half-life.[@b2-dddt-12-2611] Compared to spironolactone, canrenone induces less adverse events such as gynecomastia, because canrenone prevents the genesis of intermediate products with anti-androgenic and progestational effects.[@b3-dddt-12-2611] Aldosterone already proved to have a positive effect in reducing some factors involved in metabolic syndrome and in reducing insulin resistance and inflammatory markers levels observed in patients affected by metabolic syndrome.[@b4-dddt-12-2611],[@b5-dddt-12-2611]

We have already conducted a study comparing canrenone or hydrochlorothiazide (HCTZ) added to valsartan/amlodipine combination in type 2 diabetic hypertensives.[@b6-dddt-12-2611] The results showed that canrenone added to valsartan/amlodipine combination had a better effect in reducing urinary albumin excretion compared to HCTZ addition; however, data on glycometabolic parameters were not fully investigated. This double-blind, randomized clinical trial was aimed to investigate if canrenone would be a better choice than HCTZ in not only obtaining a better BP control but also not to worsen glycometabolic effects, the action on electrolytes and renal function in patients affected by type 2 diabetes mellitus and hypertension.

Patients and methods
====================

Study design
------------

This double-blind, multi-center, controlled clinical trial study was conducted at the Department of Internal Medicine and Therapeutics, University of Pavia, Pavia, Italy (coordinating site); Internal Medicine Division, Ospedale Angelo Bellini, Somma Lombardo, Varese, Italy, and Cardiologic Unit, Ospedale di Gavardo, Brescia, Italy.

The study protocol was approved by the ethics committee of Fondazione IRCCS Policlinico San Matteo and was conducted following the Declaration of Helsinki and its amendments and the Good Clinical Practice Guidelines.

Patients
--------

We enrolled 182 Caucasian patients older than 18 years, of either sex ([Table 1](#t1-dddt-12-2611){ref-type="table"}), overweight and with type 2 diabetes mellitus and hypertension according to the European Society of Cardiology (ESC) and the European Association for the Study of Diabetes (EASD) Guidelines criteria.[@b7-dddt-12-2611] To be included, patients needed to take an angiotensin II receptor blocker (ARB), at a stable dose, from at least 3 months. We excluded patients with secondary hypertension or BP levels ≥160/100 mmHg, patients with a genetic condition affecting lipid metabolism (eg, familial hypercholesterolemia, type III hyperlipidemia and LPL deficiency) or patients with total cholesterol (TC) \>240 mg/dL and/or with triglycerides (Tg) \>400 mg/dL. We also excluded subjects with impaired hepatic and/or renal function or severe anemia (hemoglobin level \<8 g/dL). We did not include patients with thyroid diseases, history of alcohol or drug abuse or patients with neoplastic, infectious, inflammatory or autoimmune diseases. Patients with previous cardiovascular or cerebrovascular conditions within 6 months before study start were excluded. Pregnant or breastfeeding women or women not taking adequate contraceptive precautions were not included.

Patients were identified from review of case notes and/or computerized clinic registers and were contacted personally or by telephone. All patients provided written informed consent to participate in the trial.

Treatments
----------

The patients fulfilling the inclusion and exclusion criteria were randomized to add to their current therapy canrenone 50 mg or HCTZ 12.5 mg daily for 1 month; after 1 month, patients not reaching adequate BP (established as BP \<140/90 mmHg) were up-titrated to canrenone 100 mg or HCTZ 25 mg daily. Both treatments were maintained for 12 months ([Figure 1](#f1-dddt-12-2611){ref-type="fig"}). Both canrenone and HCTZ were supplied as identical, opaque, white capsules in coded bottles to ensure the blind status of the study. Randomization was done with envelopes containing randomization codes prepared by a statistician. A copy of the code was provided only to the statistician. The code was broken after database lock but could have been broken for individual subjects in cases of an adverse event. All subjects were supplied with two bottles containing a supply of the study medication for at least 100 days; the first dose was taken the day after the visit. Patient compliance was evaluated by counting pills returned by patients at the visit.

Diet and exercise
-----------------

Subjects were encouraged to follow a controlled-energy diet based on the recommendations of the American Heart Association.[@b8-dddt-12-2611] Standard diet advice was given by a dietician and/or a specialist doctor.

Assessments
-----------

At study start, patients were interviewed regarding their medical history and underwent an accurate physical examination and a 12-lead electrocardiogram. The following parameters were collected: BP, body weight, body mass index (BMI), fasting plasma glucose (FPG), post-prandial glucose (PPG), glycated hemoglobin (HbA~1c~), fasting plasma insulin (FPI), homeostasis model assessment (HOMA) index, TC, high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), Tg, urine albumin excretion rate (UAER), estimated glomerular filtration rate (eGFR), creatinine, potassium, plasma aldosterone and uric acid.

In order to evaluate the tolerability assessments, all adverse events were recorded.

For a description of how various parameters and BP were assessed, please see our previous paper.[@b5-dddt-12-2611]

Safety measurements
-------------------

Physical examination, vital sign, weight, electrocardiogram and laboratory tests were considered for safety monitoring purpose. All adverse events were recorded.

Statistical analysis
--------------------

Considering an *α* error of 0.05, a sample of 75 patients per group was required to obtain a 90% power. An intention-to-treat analysis was performed. Continuous variables were evaluated using a two-way repeated measures analysis of variance (ANOVA), while intervention effects were adjusted for the presence of potential confounding variables using analysis of covariance (ANCOVA). Statistical analysis was performed using the Statistical Package for the Social Sciences software version 14.0 (SPSS Inc., Chicago, IL, USA). A *p*-value of \<0.05 was considered significant. Variables normally distributed were presented as mean ± SD, whereas variables with skewed distribution were analyzed after logarithmic transformation.[@b9-dddt-12-2611]

Results
=======

Study sample
------------

We enrolled 182 patients (92 were randomized to canrenone and 90 were randomized to HCTZ); 163 patients completed the study. The characteristics of the patients at baseline are shown in [Tables 1](#t1-dddt-12-2611){ref-type="table"} and [2](#t2-dddt-12-2611){ref-type="table"}. Antidiabetic treatments taken at baseline are listed in [Table 3](#t3-dddt-12-2611){ref-type="table"}.

BP
--

A significant, similar decrease in systolic blood pressure (SBP) and diastolic blood pressure (DBP) was obtained with both canrenone and HCTZ after 6 and 12 months, without differences between groups. At 6 months, 52.7% of patients treated with canrenone and 46.5% of patients treated with HCTZ achieved SBP pressure target (SBP \< 140 mmHg). Regarding DBP pressure target (\<85 mmHg), the percentage was 42.9% for canrenone and 35.6% for HCTZ (*p* \< 0.05 vs HCTZ). At 12 months, all patients reached BP target, without difference between the two treatments ([Table 4](#t4-dddt-12-2611){ref-type="table"}).

Metabolic parameters
--------------------

There was a significant decrease in FPG, PPG and HOMA index with canrenone compared to baseline (*p* \< 0.05), while HCTZ increased the same parameters (*p* \< 0.05 vs baseline and *p* \< 0.05 vs canrenone). HCTZ also worsened HbA~1c~ (*p* \< 0.05 vs baseline and *p* \< 0.05 vs canrenone), while canrenone did not change it.

Lipid profile was not affected by canrenone, while TC (*p* \< 0.05 vs baseline) and Tg (*p* \< 0.01 vs baseline) were increased with HCTZ. Both TC and Tg were higher with HCTZ compared to canrenone (*p* \< 0.05).

Renal parameters
----------------

Potassium levels were decreased (*p* \< 0.05 vs baseline) and uric acid levels were increased (*p* \< 0.01 vs baseline) by HCTZ but not by canrenone that had a neutral effect on these parameters.

We recorded a slight decrease in eGFR with HCTZ (*p* \< 0.01 vs baseline) and an improvement with canrenone (*p* \< 0.05); creatinine and eGFR were improved by canrenone compared to HCTZ (*p* \< 0.01). Plasma aldosterone levels were decreased by canrenone (*p* \< 0.01 vs baseline) and increased by HCTZ (*p* \< 0.05 vs baseline and *p* \< 0.01 vs canrenone).

Adverse events
--------------

Gynecomastia was reported in 3% of patients taking canrenone and in 2% of patients taking HCTZ. No menstrual abnormalities were reported.

Discussion
==========

Our study showed a similar effect of canrenone and HCTZ in decreasing BP, according to what we have previously reported.[@b6-dddt-12-2611] The effects of canrenone on BP were already previously reported in two previous papers where the authors reported that the systolic and diastolic BP (24 h, daytime and nighttime) and mean arterial and pulse pressures were significantly reduced when canrenone was added to the preexisting therapy.[@b10-dddt-12-2611],[@b11-dddt-12-2611] Moreover, the authors did not observe any significant differences between canrenone 50 and 100 mg: among patients treated with canrenone 50 mg, 67.5% and 74% normalized the 24 h systolic and diastolic BP, respectively, and among patients treated with 100 mg, 61.6% and 68.5% (*p* not significant for 50 vs 100 mg).[@b10-dddt-12-2611]

What really differentiate canrenone from HCTZ are the effects on glycometabolic control. Regarding this, canrenone better improved glycometabolic control compared to HCTZ.

The positive effect of canrenone and the negative effect of HCTZ on metabolism can be explained considering the two different mechanisms of action. Considering all the physiological effects of aldosterone, HCTZ has two opposite actions: a negative effect due to the stimulation of aldosterone synthesis as a consequence of the volume depletion and a positive effect due to its diuretic effect and the reduction of BP it causes. On the other hand, canrenone is able to activate the renin angiotensin aldosterone system and has the advantage that it cannot produce an aldosterone-like effect being an aldosterone receptor blocker. This point is very important since both drugs can further control BP, but while thiazides increase plasma aldosterone activating mineralocorticoid receptors, canrenone increases aldosterone without activating the receptors.[@b12-dddt-12-2611]

This is in line with what was previously reported in the literature.[@b13-dddt-12-2611],[@b14-dddt-12-2611] The authors observed that HCTZ worsens the cardiovascular risk due to the stimulation of aldosterone, while canrenone ameliorates this parameter being mineralocorticoid receptor blocker.

It is interesting to understand why, during treatment with canrenone, our data showed a reduction in aldosterone levels; this disagrees with previously published studies conducted with canrenone.[@b15-dddt-12-2611] This may be due to the fact that canrenone was used in combination with ARB therapy, which suppresses aldosterone levels. The lack of increase in aldosterone could also be interpreted as a lack of diuretic action.

Conclusion
==========

Our study showed that canrenone and HCTZ have a similar effect on BP; however, canrenone seems to improve metabolic parameters, while HCTZ worsened them.
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###### 

Characteristics of the patients at baseline and after 6 and 12 months in the ARBs + canrenone group

  Parameters                   Baseline       6 months                                                    12 months
  ---------------------------- -------------- ----------------------------------------------------------- -------------------------------------------------------------
  n                            92             88                                                          81
  M/F, n                       48/44          47/41                                                       43/38
  Smokers (M/F), n             14/12          14/10                                                       13/10
  Age (years)                  53.4 ± 7.2     --                                                          --
  Diabetes duration (years)    5.9 ± 1.5      --                                                          --
  Weight (kg)                  81.5 ± 3.1     80.7 ± 2.8                                                  80.4 ± 2.5
  Height (m)                   1.70 ± 0.04    --                                                          --
  BMI (kg/m^2^)                28.2 ± 1.2     27.9 ± 0.9                                                  27.8 ± 0.8
  SBP (mmHg)                   143.9 ± 5.7    135.8 ± 5.5[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}    123.2 ± 3.8[\*\*](#tfn3-dddt-12-2611){ref-type="table-fn"}
  DBP (mmHg)                   91.3 ± 4.2     85.8 ± 3.6[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}     79.4 ± 3.1[\*\*](#tfn3-dddt-12-2611){ref-type="table-fn"}
  FPG (mg/dL)                  128.7 ± 12.3   126.2 ± 11.6                                                120.5 ± 9.3[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  PPG (mg/dL)                  158.5 ± 19.8   150.7 ± 16.3                                                148.2 ± 15.1[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  HbA~1c~ (%)                  7.2 ± 0.4      7.2 ± 0.4                                                   7.1 ± 0.3
  FPI (μU/mL)                  17.2 ± 6.9     16.9 ± 6.6                                                  16.4 ± 6.1
  HOMA index                   5.46 ± 2.1     5.26 ± 1.9                                                  4.88 ± 1.6[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  TC (mg/dL)                   178.4 ± 34.2   175.3 ± 31.1                                                172.1 ± 29.3
  HDL-C (mg/dL)                44.2 ± 9.8     45.3 ± 10.1                                                 44.8 ± 9.9
  Tg (mg/dL)                   112.6 ± 30.8   108.7 ± 28.9                                                105.4 ± 26.1
  LDL-C (mg/dL)                111.7 ± 31.5   108.3 ± 29.2                                                106.2 ± 27.7
  UAER (mg/g creatinine)       17.4 ± 10.9    13.1 ± 8.4                                                  9.0 ± 6.3[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  eGFR (mL/min/1.73 m^2^)      74.7 ± 9.7     88.9 ± 12.1                                                 91.2 ± 15.6[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  Creatinine (mg/dL)           0.97 ± 0.14    0.89 ± 0.12                                                 0.72 ± 0.09[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}
  Potassium (mEq/L)            3.9 ± 0.4      4.1 ± 0.6                                                   4.3 ± 0.7
  Plasma aldosterone (pg/dL)   143.1 ± 22.5   121.8 ± 16.5[\*](#tfn2-dddt-12-2611){ref-type="table-fn"}   104.6 ± 13.2[\*\*](#tfn3-dddt-12-2611){ref-type="table-fn"}
  Uric acid (mg/dL)            5.9 ± 0.9      5.8 ± 0.7                                                   5.6 ± 0.5

**Notes:** Data shown as mean ± SD unless indicated otherwise.

*p* \< 0.05 vs baseline.

*p* \< 0.01 vs baseline.

**Abbreviations:** ARBs, angiotensin II receptor blockers; M, male; F, female; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PPG, post-prandial glucose; HbA~1c~, glycated hemoglobin; FPI, fasting plasma insulin; HOMA, homeostasis model assessment; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; Tg, triglycerides; LDL-C, low-density lipoprotein-cholesterol; UAER, urine albumin excretion rate; eGFR, estimated glomerular filtration rate.

###### 

Characteristics of the patients at baseline and after 6 and 12 months in the ARBs + HCTZ group

  Parameters                   Baseline       6 months                                                                                                      12 months
  ---------------------------- -------------- ------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------
  n                            90             85                                                                                                            82
  M/F, n                       44/46          42/43                                                                                                         40/42
  Smokers (M/F), n             15/13          14/11                                                                                                         14/10
  Age (years)                  52.6 ± 6.9     --                                                                                                            --
  Diabetes duration            6.2 ± 1.8      --                                                                                                            --
  (years)                                                                                                                                                   
  Weight (kg)                  80.2 ± 2.3     79.6 ± 2.1                                                                                                    79.2 ± 2.0
  Height (m)                   1.69 ± 0.03    --                                                                                                            --
  BMI (kg/m^2^)                28.1 ± 1.1     27.8 ± 0.9                                                                                                    27.7 ± 0.8
  SBP (mmHg)                   144.7 ± 5.9    135.3 ± 5.2[\*](#tfn6-dddt-12-2611){ref-type="table-fn"}                                                      125.7 ± 3.9[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"}
  DBP (mmHg)                   90.8 ± 3.8     84.2 ± 3.4[\*](#tfn6-dddt-12-2611){ref-type="table-fn"}                                                       80.1 ± 3.2[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"}
  FPG (mg/dL)                  126.2 ± 11.9   132.6 ± 14.7                                                                                                  136.5 ± 15.9[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  PPG (mg/dL)                  163.8 ± 21.3   169.2 ± 23.4                                                                                                  174.6 ± 26.1[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  HbA~1c~ (%)                  7.5 ± 0.6      7.7 ± 0.7                                                                                                     7.8 ± 0.8[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  FPI (μU/mL)                  18.1 ± 7.5     18.5 ± 7.1                                                                                                    18.3 ± 7.0
  HOMA index                   5.64 ± 2.3     6.05 ± 2.8                                                                                                    6.16 ± 2.9[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  TC (mg/dL)                   182.6 ± 35.7   191.8 ± 38.4                                                                                                  198.8 ± 40.1[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  HDL-C (mg/dL)                44.7 ± 9.9     43.6 ± 9.0                                                                                                    43.4 ± 8.8
  Tg (mg/dL)                   120.5 ± 36.8   139.6 ± 40.3[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}   145.7 ± 42.5[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  LDL-C (mg/dL)                113.8 ± 33.2   120.3 ± 36.3                                                                                                  126.3 ± 38.2[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  UAER (g/g creatinine)        15.1 ± 9.1     13.4 ± 8.6                                                                                                    8.8 ± 7.3[\*](#tfn6-dddt-12-2611){ref-type="table-fn"}
  eGFR (mL/min/1.73 m^2^)      72.6 ± 8.8     64.8 ± 7.6[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}                                                   55.9 ± 6.8[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"},[\*\*\*\*](#tfn9-dddt-12-2611){ref-type="table-fn"}
  Creatinine (mg/dL)           1.00 ± 0.18    1.14 ± 0.25[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}                                                  1.26 ± 0.29[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  Potassium (mEq/L)            4.1 ± 0.5      3.8 ± 0.4                                                                                                     3.5 ± 0.3[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}
  Plasma aldosterone (pg/dL)   153.8 ± 25.6   164.1 ± 27.9[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}                                                 169.4 ± 30.6[\*](#tfn6-dddt-12-2611){ref-type="table-fn"},[\*\*\*\*](#tfn9-dddt-12-2611){ref-type="table-fn"}
  Uric acid (mg/dL)            5.5 ± 0.7      6.1 ± 1.1                                                                                                     6.5 ± 1.7[\*\*](#tfn7-dddt-12-2611){ref-type="table-fn"},[\*\*\*](#tfn8-dddt-12-2611){ref-type="table-fn"}

**Notes:** Data shown as mean ± SD unless indicated otherwise.

*p* \< 0.05 vs baseline.

*p* \< 0.01 vs baseline.

*p* \< 0.05 vs canrenone.

*p* \< 0.01 vs canrenone.

**Abbreviations:** ARBs, angiotensin II receptor blockers; HCTZ, hydrochlorothiazide; M, male; F, female; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PPG, post-prandial glucose; HbA~1c~, glycated hemoglobin; FPI, fasting plasma insulin; HOMA, homeostasis model assessment; TC, total cholesterol; HDL-C, high-density lipoprotein-cholesterol; Tg, triglycerides; LDL-C, low-density lipoprotein-cholesterol; UAER, urine albumin excretion rate; eGFR, estimated glomerular filtration rate.

###### 

Antidiabetic treatment

  Parameters                         Canrenone, n (%)   HCTZ, n (%)
  ---------------------------------- ------------------ -------------
  n                                  92                 90
  M/F                                48/44              44/46
  Sulfonylureas, n (%)               12 (13.0)          8 (8.9)
   Glyburide                         1                  1
   Glimepiride                       3                  4
   Gliclazide                        8                  3
  Biguanides, n (%)                  74 (80.4)          78 (86.7)
   Metformin                         74                 78
  Glinides, n (%)                    15 (16.03)         (11.1)
   Repaglinide                       15                 10
  α- Glucosidase inhibitors, n (%)   8 (8.7)            (6.7)
   Acarbose                          8                  6
  Thiazolidinediones, n (%)          9 (9.8)            (6.7)
   Pioglitazone                      7                  5
   Rosiglitazone                     2                  1
  DPP-4 inhibitors, n (%)            46 (50.0)          44 (20.5)
   Sitagliptin                       20                 21
   Vildagliptin                      14                 12
   Saxagliptin                       4                  3
   Alogliptin                        3                  1
   Linagliptin                       5                  7
  GL P-1 receptor agonists, n (%)    30 (32.6)          23 (25.5)
   Exenatide                         14                 12
   Liraglutide                       4                  2
   Lixisenatide                      2                  1
   Dulaglutide                       10                 8
  SGL UT-2 inhibitors, n (%)         21 (22.8)          16 (17.8)
   Dapagliflozin                     11                 9
   Canagliflozin                     4                  3
   Empagliflozin                     6                  4

**Abbreviations:** HCTZ, hydrochlorothiazide; M, male; F, female; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT-2, sodium-glucose co-transporter 2.

###### 

Percentage of patients who achieved BP target (SBP \< 140 mmHg and DBP \< 85 mmHg)

  ---------------------------------------------------------------
  **Canrenone**
  After 6 months: SBP 52.7% and DBP 42.9% (*p* \< 0.05 vs HCTZ)
  After 12 months: SBP 100% and DBP 100%
  **HCTZ**
  After 6 months: SBP 46.5% and DBP 35.6%
  After 12 months: SBP 100% and DBP 100%
  ---------------------------------------------------------------

**Abbreviations:** BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; HCTZ, hydrochlorothiazide.
